Advanced hepatocellular carcinoma is defined as liver cancer with vascular invasion or extrahepatic metastasis that is untreatable by local therapy. In Japan, hepatic arterial infusion chemotherapy (HAIC) with interferon plus 5-fluorouracil (5-FU) or a combination of low-dose 5-FU and cisplatin, referred to as low-dose FP, is administered for treating advanced liver cancer and yields favorable outcomes. Outside Japan, the molecular targeted agent, sorafenib, is used as a first-line treatment for advanced liver cancer. New drug development for advanced liver cancer and clinical trials on combination therapy with sorafenib and HAIC are currently underway. The prognosis of advanced liver cancer will significantly improve if these clinical trials yield positive results.
Introduction
Advanced liver cancer is defined as liver cancer at an advanced stage, which is unresponsive to local treatment and includes hepatocellular carcinoma (HCC) with vascular invasion and liver cancer with distant metastasis. Based on the treatment algorithm proposed by the Japan Society of Hepatology, advanced liver cancer is defined as one that is not eligible for curative treatment, transcatheter arterial chemoembolization (TACE), or equivalent treatment [1] . The Barcelona Clinic Liver Cancer (BCLC) classification system, used commonly in Western countries defines grade A as early HCC, grade B as intermediate stage, grade C as advanced stage, and grade D as terminal stage [2] . Terminal-stage disease corresponds to Child-Pugh grade C HCC. Therefore, advanced liver cancer corresponds to BCLC grade C cancer, which that is graded as Child-Pugh A or B with vascular invasion or distant metastasis. In Japan, cancers that are unlikely to respond to locoregional therapies such as resection, local ablation, or TACE are defined as advanced liver cancer. These include multiple liver cancer with 4 or more lesions and liver cancer with vascular invasion or distant metastasis.
Treatment

Systemic chemotherapy
As described in the American Association for the Study of Liver Diseases (AASLD) guidelines for liver cancer [2] , systemic chemotherapy has not been shown to provide any survival benefit, and thus, is not recommended or used in practice. Therefore, this article does not discuss systemic chemotherapy.
Hepatic arterial infusion chemotherapy
In Japan, hepatic arterial infusion chemotherapy (HAIC) is primarily administered for treating HCC with vascular invasion. Based on the Japanese HCC management guideline [1, 3] , HAIC is indicated and recommended for treating the following: multiple liver cancer with 4 or more lesions, HCC with major vascular invasion, and cancers with distant metastasis not considered a prognostic factor ( fig. 1) Cancer Study Group of Japan, chemotherapy is performed only in 5.5% patients with liver cancer ( fig. 2) , and approximately 90% of these patients undergo HAIC [4] (Fig. 3) . In addition, chemotherapy demonstrated an excellent outcome in a nationwide survey, with a response rate (complete response (CR) plus partial response (PR) of 45.9% and a disease control rate of 76.5% ( fig. 4 ). In Japan, the interferon (IFN) + 5-fluorouracil (5-FU), low-dose FP (low-dose 5-FU + cisplatin (CDDP)), and CDDP monotherapy regimens account for 49%, 30%, and 11% of all HAIC regimens, respectively ( fig. 5 ). HAIC has also demonstrated a favorable outcome in our study, with a median survival time (MST) of 15.9 months and a time to progression (TTP) of 4.1 months [5] (Figs. 6a and 6b) . A subset of patients who responded to the therapy (CR + PR) exhibited MST of 40.7 months, while those who did not respond to the therapy (SD + PD) exhibited MST of 6.8 months, suggesting a better survival among responders than among nonresponders ( fig. 6c ). These results indicate that HAIC is superior to other treatments. Propensity analysis of the nationwide survey clearly revealed that HAIC is superior to the best supportive care based on a nationwide survey of Liver Cancer Study Group of Japan ( fig. 7) . HAIC was developed in Japan but is not appreciated in Western countries because no randomized controlled trial (RCT) has been conducted and its use is based solely on empirical data. In fact, AASLD clinical practice guidelines for liver cancer strongly recommend that HAIC should not be used as the standard of care [6] . To overcome this obstacle, there is a strong need to conduct RCTs in Japan. However, since the effectiveness of empirically established Nearly 90% patients received HAIC [19] .
HAIC has been widely accepted by Japanese physicians and patients, the conduct of RCTs has been precluded by ethical concerns. This situation resembles that encountered in the history of TACE [7] , which was also empirically developed in Japan but had not been approved until RCTs conducted in the West or East including Japan confirmed its efficacy and safety. An advantage of HAIC is that the response can be estimated on the basis of tumor markers, imaging findings, or other parameters 2-4 weeks after therapy. Consequently, both responders and nonresponders can be distinguished from each other in less than 4 weeks. For nonresponders, treatment can be switched to a molecular targeted therapy such as sorafenib, a global standard of care for advanced HCC. There is a growing argument about whether HAIC or molecular targeted therapy should be selected as the first choice of treatment for liver cancers with vascular invasion, for patients not eligible for TACE therapy, and for those with multiple liver cancers unresponsive to TACE. HAIC generally provides good but variable outcomes, with a response rate of 8-71% and MST of 6-15.9 months. A finding that was similar to previous reports was that responders demonstrated better outcome than nonresponders. Considering this, HAIC will remain an essential treatment option for advanced liver cancer if used appropriately. 
Molecular targeted therapy 1) Mechanism of action and effects of sorafenib
Sorafenib is an oral molecular targeted agent that has been demonstrated to be effective for treating HCC for the first time and is currently the only insurance-covered drug. The Raf/ MEK/ERK pathway, the so-called MAP kinase pathway, is a downstream pathway shared by VEGFR, PDGFR, and EGFR, and its activation has been demonstrated to be involved in the growth and survival of HCC. Sorafenib inhibits HCC growth by suppressing the serine/threonine kinase activity of the C-Raf and B-Raf components of the MAP kinase pathway and inhibiting FLT-3 and c-KIT activities. It also serves as a multikinase inhibitor that suppresses the tyrosine kinase activity of VEGFR and PDGFR, thereby inhibiting angiogenesis and the growth of endothelial cells and pericytes [8] [9] [10] .
In a global phase III trial conducted in the West (SHARP study) [11] , the median survival time was significantly improved in the sorafenib group compared with the placebo group (10.7 vs. 7.9 months, respectively; hazard ratio (HR): 0.69, P < 0.001), and the 1 year survival rate also improved from 33 to 44%. The median TTP significantly improved in the sorafenib group (5.5 months) compared with the placebo group (2.8 months, HR: 0.58, P < 0.001). In an Asia-Pacific study [12] conducted in China, Taiwan, and North Korea, the median survival time significantly improved in the sorafenib group compared with the placebo group (6.5 vs. 4.2 months, respectively; HR: 0.68, P = 0.014) and TTP (2.8 vs. 1.4 months, respectively; HR: 0.57, P = 0.0005). In Japan, sorafenib was approved for insurance coverage in May 2009 after a phase I clinical trial confirmed its pharmacokinetics and safety [13] .
2) Indications of sorafenib The current indications of sorafenib are specified and described in the consensus-based treatment algorithm proposed by the Japan Society of Hepatology [1] (Fig. 1) . These include patients with Child-Pugh grade A HCC with extrahepatic spread or vascular invasion and those not responding to TACE or HAIC. Sorafenib is not recommended for Child-Pugh grade B HCC because of the lack of safety data. It is important to identify unresponsiveness to TACE at the earliest and administer sorafenib before repeated courses of TACE cause impaired liver function or before the disease stage progresses beyond Child-Pugh A.
3) Future prospects (1) Molecular targeted therapy combined with conventional therapy a. Prevention of recurrence after curative treatment Ongoing clinical trials aimed at preventing recurrence include the Sorafenib as Adjuvant Treatment in the Prevention of Recurrence of HCC (STORM) study of sorafenib and another study of peretinoin (NIK333), an acyclic retinoid. The STORM study is a global trial being conducted in Europe, North America, South America, and Asian countries, including Japan, to evaluate the preventive effect of sorafenib on recurrence in patients who have undergone radio frequency ablation or resection. Patient enrollment has been completed, and the study is currently in the follow-up period.
NIK333 (peretinoin) is an oral acyclic retinoid developed in Japan, which has a vitamin A-like structure and primarily targets the nuclear receptors of retinoid, namely retinoic acid receptor (RAR) and retinoid X receptor (RXR). This agent exerts transcriptional activationand differentiation-inducing effects via RAR and RXR and is expected to prevent carcinogenesis through HCC precursor removal by apoptosis and differentiation induction [14] . A phase III clinical trial to establish the superiority of peretinoin 600 mg over placebo is currently underway.
b. Post-TACE adjuvant therapy The majority of patients with HCC receive at least 1 cycle of TACE. In many cases TACE is repeated because it is not curative and is inevitably followed by recurrence. Although TACE has an antitumor effect, repeated use of this therapy causes gradual deterioration of liver function. Therefore, the adjuvant use of molecular targeted therapy is attracting attention. Although tumor shrinkage is observed following TACE, recurrence, including tumor regrowth and intrahepatic metastasis, can still occur [7] . A suggested mechanism of post-TACE recurrence is mediated by increased angiogenesis in response to increased VEGF levels caused by embolization-induced tumor hypoxia [15, 16] . Therefore, the suppression of angiogenesis following TACE is important to prevent post-TACE tumor recurrence. The combined use of TACE and angiogenesis inhibitors strongly suppresses post-TACE recurrence or regrowth of advanced HCC through the inhibitory effect of angiogenesis inhibitors on post-TACE increase in angiogenesis. Such a therapy is also expected to prolong the period during which tumor progression can be controlled by TACE and prevent deterioration of liver function by reducing the frequency of TACE. Although a study conducted in Japan and South Korea, the so-called post-TACE study, had various limitations [17] , many clinical trials on molecular targeted therapy as a post-TACE-adjuvant or TACE-combination regimen are being conducted on the basis of these study results.
c. TACTICS study The Transcatheter Arterial Chemoembolization Therapy in Combination with Sorafenib (TACTICS) study is a phase II clinical trial on TACE combined with sorafenib conducted in Japanese patients with unresectable HCC. The TACE regimen used in this study is based on actual clinical practice in Japan, which comprises Gelpart as an embolization agent and epirubicin hydrochloride or miriplatin as an anticancer agent. It is performed as on-demand TACE and administered after a certain degree of tumor growth has been observed. The study is designed to include patients with HCC untreatable by surgical resection or percutaneous ablation therapy. After undergoing TACE, patients will be randomized at a 1:1 ratio to receive or not receive oral sorafenib. The primary endpoint is time to untreatable progression, at which point TACE can no longer be performed. This study is currently enrolling patients.
d. BRISK-TA study (brivanib) Brivanib is a kinase inhibitor that selectively inhibits VEGFR and FGFR. A phase III clinical trial that compares brivanib with placebo as an adjuvant therapy for TACE is underway.
e. ORIENTAL study (TSU68: orantinib) TSU68 (orantinib) is a low-molecular weight oral angiogenesis inhibitor that inhibits VEGFR, PDGFR, and FGFR [18] . A phase III clinical trial that evaluates the superiority of combined use of TSU68 over placebo in terms of overall survival in patients with advanced HCC who have undergone TACE is currently underway.
f. Sorafenib combined with HAIC In Japan, HAIC is initially performed for advanced HCC with major vascular invasion. Without established evidence, HAIC is accepted as a de facto standard and is rarely used outside Japan. Although technically complicated and invasive, this therapy provides excellent local control, and is thus considered effective. Several clinical trials that are evaluating the efficacy of combination therapy with HAIC and sorafenib for treating advanced HCC are currently underway. These include the SILIUS trial (NCT01214343), a randomized phase III study on sorafenib combined with HAIC and low-dose FP using a reservoir system aiming to demonstrate the additional benefits of HAIC. SILIUS is part of a multicenter cooperative study funded by the Ministry of Health, Labour and Welfare of Japan. The primary endpoint for this study is overall survival. Demonstration of additional benefits will be the first indirect demonstration of the survival benefit of low-dose FP therapy. The results of the phase I study were promising, demonstrating the additive effect of HAIC and sorafenib. The CDDP-Sor-rP2 study (UMIN000005703) is a randomized phase II study of sorafenib combined with a one-shot HAIC with CDDP. Similar to the SILIUS study, the CDDP-Sor-rP2 study aims to demonstrate additional benefits of HAIC without the use of a reservoir.
(2) Status of development of new drugs other than sorafenib As summarized in fig. 8 , various first-line and second-line therapies, combination therapies with HAIC/TACE and sorafenib, and adjuvant therapies after curative treatment are currently under investigation as potential new treatment strategies for patients with advanced liver cancer unresponsive or intolerable to sorafenib.
Conclusions
Since the effectiveness of sorafenib was confirmed, systemic chemotherapy with molecular targeted agents has established its position in the treatment of HCC, which otherwise had to rely on local therapy. This has finally allowed discussion of medication therapy for HCC, similar to that for other types of carcinoma. At the same time, it must be remembered that HCC occurs in patients with underlying chronic liver diseases and is accompanied by concomitant conditions such as impaired liver function and pancytopenia. Drugs that cause severe adverse events or affect liver function cannot be used as therapeutic agents, even if they have a potent antitumor effect. The most important challenge for improving the survival outcome in HCC patients is determining ways to prevent deterioration of liver function due to underlying chronic liver disease. The development of less toxic drugs and treatment regimens is therefore desirable.
The prognosis of advanced liver cancer can significantly improve if positive results are obtained from new drug development and clinical studies on combination therapy with existing treatments. 
